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WASTE DISPOSAL AT A STEEL PLANT: 
TREATMENT OF FLUE DUST WASTE 


Angus D. Henderson! and John J. Baffa,2 A.M., ASCE 


I. Introduction 


The treatment of waters laden with flue dust from steel mill blast 
furnace operations is usually undertaken to recover high iron content 
dust and improve the quality of discharges to receiving streams. 
Ordinarily, both objectives are achieved in one primary thickening 
operation. The treatment facilities provided at the Fairless Works are 
unique in that the primary thickener effluent required further treatment 
in accordance with the announced policy of the United States Steel Cor- 
poration to maintain the water quality of the Delaware River. Accord- 
ingly, the primary flue dust thickener effluent is given secondary treat- - 
ment before discharge to the Delaware River. Construction of these | 
works was completed early in 1953 and operations have been under way 
since May, 1953. 


Il. Origin and Character of Wastes 


Waters laden with flue dust result from the wet scrubbing of blast 
furnace gas. The action in the wet scrubbers generally comprises 
downflow water sprays which clean the upflowing gases of dust content. 
The wet scrubbing operation is usually an intermediate stage between 
dry cyclone dust separation and final electrostatic precipitation of re- 
maining fines. Secondary gas washers or precipitators are periodically 
cleaned by water flushing, and at these times, add to the discolored 
water flow. 

The wet gas washer effluent contains flue dust solids composed of 
iron oxide, alumina, silica, carbon, lime and magnesia. Proportions of 
the constituents and total quantity of dust varies with the type of ore used 
in the furnace, condition of furnace lining, quality of coke used, the num- 
ber of furnaces in blast, amount of air being blown, the regularity and 
thoroughness of dumping and flushing of dry dust catchers. The great- 
est single constituent of the flue dust content of the gas washer effluent 
is iron oxide, comprising about 70% by weight (as Fe 03) of total solids. 
Silica is present at about 12% by weight and percentages for other con- 
stituents are approximately equally divided. 

All solids removed from flue gases can be said to be in suspension 
in the wet washer effluent and can be determined as suspended solids. 
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The suspended solids concentration of wet washer effluents will gener- 
ally vary between 1,000 and 4,500 parts per million with a mean of 
2,000 ppm. Observations made at other mills indicate that concentra- 
tions of 2,500 ppm. are exceeded only about 18% of the time and values 
above 3,000 ppm are found 8% of the time. 

Mechanical analysis of 9 consecutive samplings at another mill 
showed 86% to 99% by weight passing a #100 mesh sieve and 74% to 97% 
by weight passing the #200 mesh sieve. Accordingly, the effective size 
is in the hydrometer analysis range as would be expected for a dust. 

The temperature of the washer effluent is generally 100° to 120°F. 
The pH varies considerably. It depends on the initial pH of the wash 
water as well as operating conditions and may range from 6 to 8 in the 
same plant. The specific gravity of the solids also fluctuates and has 
been found to vary from 3.0 to 3.8. 

The above data on flue dust is representative of average conditions 
in the steel industry. At the Fairless Works, information on the wet 
washer flue dust content over a two months’ period shows an average 
of 1,200 ppm. entering the primary thickener and a total ranage from 
500 to 3,500 ppm. 


Ill. General Description of Flue Dust Treatment 


When planning the Fairless Works flue dust removal plant, a two 
stage process was decided upon; the first, providing primary sedimenta- 
tion, and the second, giving flocculation and final clarification after the 
addition of lime. This results in corresponding color reduction, since 
the red appearance is due to the suspended iron oxides and there is 


little color in solution. 

Of the total suspended matter present in the wet washer effluent, 
about 90% to 95% is readily settleable. About 98% of total settlement by 
volume occurs in one hour. Thus, with 95% removal of suspended 
solids by primary settling, the primary thickener effluent can be expect- 
ed to contain between 50 and 200 ppm. concentration of suspended mate- 
rial. 

Tests at five mills showed that primary thickener overflows were 
readily flocculated by lime alone. Laboratory scale flocculator tests 
indicated that the addition of lime in amount 0.1 to 0.3 pounds per 1,000 
gallons (as CaO) with subsequent flocculation and settling, produced 
effluent containing less than 50 ppm. suspended solids with primary 
overflows ranging from 100 to 1,000 ppm. suspended matter. 

Figure No. 1 shows a flow diagram of the wet wastes from blast fur- 
nace operations and treatment units provided. The wet washer wastes 
flow to the primary thickener. After settling, the primary overflow 
flows to the secondary treatment plant which comprises flash mixing, 
flocculation and final clarification. Facilities are provided for unload- 
ing, storing, slaking and feeding high calcium quicklime. Lime feed is 
proportioned according to flow through a measuring flume at the effluent 
end of the plant. Both primary thickener and secondary plant sludge are 
pumped to a storage lagoon. 
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IV. Volume of Wastes 


The facilities shown in Figure No. 1 are designed to handle a maxi- 
mum flow of 10,000 gallons per minute from the gas washers of the two 
plant furnaces. Hourly flow variations are expected depending upon 
blast furnace operations and flushing of dry dust catchers. 


V. Treatment Units 


The primary thickener is of reinforced concrete construction and is 
90 feet in diameter with 12 feet side water depth providing one hour de- 
tention at design flow. Slurry is scraped to the center well and is pump- 
ed to a storage lagoon. The sludge generally has a 5% solids content by 
weight and is pumped continuously by rubber lined centrifugal pumps 
through a 4 inch diameter force main 800 feet long. 

The photograph, Figure No. 2, shows the primary thickener which is 
located adjacent to the blast furnaces. The tank is covered with steel 
mesh netting to protect operations and prevent any falling objects from 
fouling equipment. 

Figure Nos. 3 and 4 show plan and profile of the secondary treatment 
units. 

The primary overflow flows through a 42 inch diameter pressure 
sewer by gravity to the secondary plant flash mixer. 

The flash mixer tank has a capacity of 10,000 gallons providing one 
minute detention at design flow. A vertical high speed mixing unit is 
provided in this tank. 

Conveyance of flows between flash mixer and flocculator and from 
clarifier to outfall is accomplished through reinforced concrete box 
conduits. 

Flocculation tank is rectangular 28 feet by 74 feet in plan with 16 feet 
water depth providing 25 minutes detention at design flow. Vertical 
type flocculator units are provided. 

The clarifier ‘s 120 feet in diameter with 14 feet side water depth, 
providing two hours detention at design flow. This unit is provided with 
a mechanical sludge scraper. 

Two sludge pumps are provided in the sludge pumping station. 
Pumps are positive displacement type sludge plunger pumps rated at 80 
gpm. versus 60 feet total dynamic head. Sludge is pumped to the stor- 
age lagoon through a force main 6 inches in diameter and 1,300 feet 


long. 
VI. Lime Handling and Feed 


Figure No. 5 shows photograph of the lime handling and feed facili- 
ties. The lime unloading facilities, storage bin, slaking and feed facili- 
ties are all located in the single structure. 

High calcium pebble lime one half inch size is delivered in box cars. 
Unloading is done by means of vacuum type equipment. The vacuum 
pump is located on the ground floor under the lime bin, and the receiver 
unit is located on top of the lime bin. The intermediate story directly 
below the lime bin houses the lime slaker and gravimetric lime feeder. 
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Lime feed is automatically proportioned according to flow through the 
effluent measuring flume. The agitated lime slurry storage tank is 
provided with 2,400 gallons capacity which represents 6 hours storage 
at average lime feed rate. 

Lime storage bin capacity was chosen at seventy five tons or one 


and one half times one car load and provides a total of 50 days’ storage. 


Vil. Results of Treatment 


As the flue dust recovery and treatment plant has been in normal 
operation for a comparatively short period, it is too early to report 
statistically on the quality of the effluent discharged to the Delaware 
River. 

Periodic analyses are being made of the effluent and the results of 
treatment are satisfactory and well within the limits set by the State 
regulatory body for pollution control. 
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Fig. 2—Primary Clarifier and 
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